Conformational stability, folding, and ligand-binding affinity of single-chain Fv immunoglobulin fragments expressed in Escherichia coli.
A fluorescein-binding single-chain Fv (scFv) was chosen as a model for the study of the physicochemical parameters associated with synthetic IgG fragments. Three such scFv proteins were designed from the primary sequences of one anti-fluorescyl monoclonal antibody (Mab 4.4.20). These were constructed with varying-length interdomain peptide linkers of between 12 and 25 residues, expressed in Escherichia coli, and the protein folding, stability, and antigen-binding characteristics were assessed. Efficient renaturation could be accomplished in vitro to yield approximately 26 mg of active scFv/L of fermentation. Scatchard analysis for fluorescein ligand binding revealed that the scFv designs come within 2-fold of the Ka = 1.99 (+/- 0.18) x 10(9) observed for the parental 4.4.20 Fab and have identical stoichiometries (n approximately 0.99). Reversible solvent denaturation studies demonstrated that the unfolding/refolding equilibria for the scFv proteins can be fit to a simple two-state model and that two of the scFv designs were found to be slightly more stable than single IgG domains (VL and CL) when assessed in terms of the free energy of unfolding, delta Gon-u, or nearly identical to other multiple domain immunoglobulin proteins such as light chains and Fab's when relative transition midpoints, Cm, are compared. Linkers which conferred conformational flexibility beyond the minimally required length of 12 residues were found to have a stabilizing effect. By these criteria of ligand-binding function and protein stability, the scFv proteins were found to be bona fide minimal replicas of their parental IgG molecules.